
Reliable Detection of Group B
Streptococcus in the Clinical Laboratory

Manuel Rosa-Fraile,a Barbara Spellerbergb

University Hospital Virgen de las Nieves, Microbiology Service, Emeritus, Granada, Spaina; Institut für
Medizinische Mikrobiologie und Hygiene, Universitätsklinikum Ulm, Ulm, Germanyb

ABSTRACT Group B streptococcus (GBS) is a leading cause of invasive neonatal in-
fections and a significant pathogen in immunocompromised adults. Screening to de-
tect GBS colonization in pregnant women determines the need for antibiotic pro-
phylaxis in that pregnancy. Efficient determination of the GBS colonization status of
pregnant women is crucial. Methods that maximize the probability of GBS recovery
are needed. The availability of technologies such as matrix-assisted laser desorption
ionization–time of flight mass spectrometry (MALDI-TOF MS), molecular techniques,
and chromogenic culture media, including Granada-type media, have changed the
scenario for GBS detection and identification. This review presents and evaluates
novel diagnostic tools, as well as classic identification techniques, for GBS spe-
cies determination.
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Streptococcus agalactiae, group B streptococcus (GBS), is a Gram-positive encapsu-
lated bacterium that belongs to the group of pyogenic streptococci. It is the only

Streptococcus species harboring the Lancefield group B cell-wall-specific polysaccharide
antigen that is common to all GBS strains. GBS can be subdivided into 10 different
serotypes (Ia, Ib, and II to IX) on the basis of type-specific capsular polysaccharides (1).

In most cases, GBS is an asymptomatic colonizer of the digestive and genitourinary
tracts of healthy human adults. However, it can cause severe invasive infections in
neonates and immunocompromised adult patients. The first reports about GBS as a
human pathogen were published in the late 1930s, when three fatal cases of puerperal
sepsis caused by GBS were described (2). Since the 1960s (3), GBS has remained a
leading cause of life-threatening neonatal infections (1). In neonatology, there are two
distinguishable clinical syndromes; early-onset disease (EOD) is a GBS infection occur-
ring within the first week of life (usually within the first 24 h), and late-onset disease
(LOD) is a GBS infection presenting after 7 days of age (7 to 90 days postpartum). EOD
is caused by vertical transmission of GBS from a colonized mother to her newborn,
through either ascending infection from the genital tract or GBS transmission to the
newborn during labor and birth. Numerous studies have shown that up to 30% of
pregnant women worldwide are colonized with GBS, and vertical transmission occurs
for roughly 50% of colonized mothers. About 1% of colonized newborns develop EOD.
EOD occurs mainly after the onset of labor or in connection with ruptured membranes,
although infection of the fetus can happen through intact membranes. Bacteremia
without a focus is the most common clinical syndrome, followed by pneumonia and
meningitis. Even today the case fatality rate for EOD is estimated to be 2 to 10%, and
fatal outcomes are more frequent among premature neonates (1).

Because most EOD is acquired through contact of the neonate with GBS during
delivery, intrapartum antibiotic prophylaxis (IAP) administered to GBS carriers prevents
vertical transmission in the vast majority of cases, and its widespread use has resulted
in significant reductions in the incidence of EOD (4). In contrast to EOD, LOD is most
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likely acquired after birth, from breast milk or from nosocomial or community sources.
Prematurity is the main risk factor for developing LOD, and bacteremia without a focus
of infection is the most common presentation. The mortality rate for LOD is lower, but
meningitis and subsequent sequelae are more frequently associated with LOD (1).

GBS also causes significant maternal morbidity, including endometritis, chorioam-
nionitis, bacteremia, and postpartum wound infections. GBS urinary tract infections are
associated with miscarriages, preterm births, and low-birth-weight newborns (1). Al-
though GBS seldom causes disease in healthy adults, it is responsible for serious
infections in diabetics, elderly individuals, residents in nursing homes, and otherwise
immunocompromised patients (5). The successful administration of IAP and the treat-
ment of severe GBS infections rely on efficient and reliable detection of GBS in clinical
samples. GBS is also important in veterinary medicine, being a main cause of bovine
mastitis and a major pathogen in farmed fish (6). Identification of GBS may be
accomplished with a variety of microbiological techniques, and Table 1 provides an
overview of them and their characteristics.

ANTENATAL DETECTION OF STREPTOCOCCUS AGALACTIAE

The first reports showing that administering IAP to mothers who are colonized with
GBS (and who are typically asymptomatic) reduces vertical transmission of GBS and
prevents GBS EOD were published in the 1980s (7). These findings led to a general CDC
recommendation for IAP in 1996, which was rapidly accepted and resulted in a
significant decline in EOD cases. A key prerequisite for efficient application of IAP is the
reliable detection of GBS vaginorectal colonization before delivery (1–4). Because GBS
colonization status can fluctuate during pregnancy, the timing of specimen collection
is important. Positive predictive values decrease when a culture is performed more than
5 weeks before delivery. Swabbing both the distal vagina (vaginal introitus) and the
rectum increases GBS recovery significantly, compared with swabbing the vagina only.
Therefore, to predict GBS colonization status at the time of delivery accurately, the
current CDC guidelines recommend screening for GBS by collecting lower vaginal and
rectal swabs at 35 to 37 weeks of pregnancy (4).

Swabs should be placed in an appropriate transport medium, such as Amies or
Stuart medium, and can be kept in the transport medium for up to 4 days (4). If
processing is delayed, refrigeration is highly preferable to storage at ambient temper-
ature, as GBS viability decreases significantly over time (8, 9). The use of flocked swabs
has been introduced for collection of bacteriological samples. These swabs incorporate
liquid Amies transporting medium and are designed to minimize the entrapment of
specimens. Flocked swabs (ESwab collection device; Copan Diagnostics, Brescia, Italy)
have been reported to significantly increase the recovery of GBS, compared with the
use of standard fiber swabs (9). Swabs should be inoculated into a selective enrichment
broth (e.g., Todd-Hewitt broth with gentamicin, nalidixic acid, and sheep blood [Baker
broth] or with colistin and nalidixic acid [Lim broth]) and incubated at 35°C to 37°C for
18 to 24 h (4). Selective GBS broths are also commercially available. However, compet-
itive growth studies have found that Enterococcus faecalis present in vaginorectal
samples can suppress the growth of GBS in selective broths, causing the subculture to
test negative for GBS (10, 11). This type of false-negative result can be avoided by the
inoculation of an adequate plating medium in addition to the selective enrichment
broth. Prior to selective broth inoculation, swabs can be streaked on blood agar,
selective blood agar (such as neomycin-nalidixic acid agar [NNA] or colistin-nalidixic
acid agar [CNA]), Granada agar, or chromogenic agar. These plates should be incubated
at 35°C to 37°C (Granada plates in anaerobiosis) and examined for GBS-like colonies
after 24 and 48 h. If GBS colonies are detected, then the selective broth can be
discarded, decreasing the time to obtain results (4). After overnight incubation, the
selective broth should be subcultured on blood agar, chromogenic agar, or Granada
agar and incubated for 24 to 48 h. For chromogenic agar, colored colonies indicative of
GBS should be monitored; for Granada agar, the development of brick, orange, or red
colonies should be observed. GBS-like colonies that develop in chromogenic agar
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should always be confirmed as GBS using additional tests (e.g., the latex agglutination
test or the CAMP test) to avoid false-positive results. Typical GBS colonies that are not
pigmented on Granada agar should be further tested to rule out nonhemolytic GBS.
The latex agglutination test or the CAMP test can be appropriate for this purpose.
Subcultures on blood agar plates should be incubated for 18 to 24 h but should be
reincubated overnight if typical hemolytic colonies are not observed. GBS beta-
hemolysis can be difficult to observe, so typical colonies without hemolysis on blood
agar plates should be tested further. Considerable effort is thus required to detect
nonhemolytic nonpigmented GBS isolates (4, 12). However, the relevance of nonhe-
molytic nonpigmented colonizing GBS strains as a source of invasive bloodstream
infections is currently under discussion. Very few studies on the role of these strains as
a cause of EOD have been published (13, 14). Furthermore, nonhemolytic invasive GBS
strains may even originate from beta-hemolytic colonizing strains and arise during
bloodstream infections through spontaneous mutations (15).

As an alternative to selective broth, swabs can be inoculated into tubes of Granada-
type broth, such as Strep B Carrot broth (Hardy Diagnostics), which is used as an
enrichment and detection broth for GBS (9, 16). The detection of red-orange pigment
(color change and/or pink or red spots) after 18 to 24 h of incubation is specific for the
presence of beta-hemolytic GBS, avoiding subcultures and reducing the detection
and identification of GBS to a single step. However, Granada-type broths detect
only hemolytic strains. Therefore, negative tubes (no color) should be further tested by
either subculture on sheep blood agar plates, direct latex agglutination testing, or use
of a nucleic acid amplification technique (NAAT) to detect nonpigmented nonhemolytic
GBS strains (4). It has also been proposed to detect GBS directly from incubated Lim or
Baker selective broth by using agglutination techniques or molecular tests (4, 17), thus
avoiding an additional subculturing step. However, the presence of blood or heavy
growth of E. faecalis, which may sometimes develop in selective broth, can interfere
with GBS detection (11, 18). An algorithm for the CDC-recommended laboratory testing
for prenatal screening for GBS colonization is depicted in Fig. 7 of reference 4. Furthermore,
it must be noted that culture methods are always required for penicillin-allergic
women, because susceptibility testing should be carried out on their antenatal GBS
isolates (4).

PHENOTYPIC METHODS FOR IDENTIFICATION OF GBS

Most human GBS isolates grow readily on blood agar after overnight incubation, as
large colonies (3 to 4 mm in diameter) with a narrow zone of beta-hemolysis (19). GBS
beta-hemolysis may be difficult to detect for some strains, however, and can be
observed only when colonies are detached from the blood agar. In most laboratories,
colonies displaying typical GBS morphology are subjected to latex agglutination tests
to determine the presence of the Lancefield group B antigen and, if they test positive,
they are designated GBS. A decision that is based on detection of the Lancefield group
B antigen is very specific, since S. agalactiae is the only streptococcal species harboring
this antigen. However, Streptococcus porcinus, which may be present in the genital tract
of pregnant women, grows on blood agar as beta-hemolytic colonies and cross-reacts
with GBS agglutination kits. For this reason, the detection of beta-hemolytic colonies
that are positive in GBS latex agglutination tests requires further testing (20, 21). The
zone of beta-hemolysis surrounding the S. porcinus colonies on sheep blood agar is
usually wider and much more pronounced than that observed with S. agalactiae (22,
23). A simple and specific method to distinguish GBS from other beta-hemolytic
streptococcal species is detection of the reddish polyenic pigment granadaene. The
expression of granadaene is invariably linked to the expression of GBS �-hemolysin
because they are encoded by a single genetic locus known as the cyl operon (24).
Moreover, it has been reported that GBS pigment and �-hemolysin could be the same
molecule (25). As no other streptococcal species produce granadaene (6), detection
of the pigment can be used as a simple and fully specific method for single-step
identification of GBS (26), eliminating the need for ancillary tests. Detection of GBS
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pigment is generally carried out on Granada-type media, on which beta-hemolytic
strains of GBS produce pigmented colonies. A folate pathway inhibitor (methotrexate)
and Bacto Proteose Peptone N3 (BD) in the presence of starch trigger the production
of pigment in these media (6). There are two classes of Granada-type culture media. The
first is Granada agar, marketed in the United States by Hardy Diagnostics and in the
European Union by bioMérieux and BD. The second is Granada broth, marketed by
bioMérieux (ChromID Granada Biphasic) and in the United States by Hardy Diagnostics
(Strep B Carrot broth). For optimal production of pigment, it is necessary to incubate
Granada agar plates anaerobically or with a coverslip placed over the inoculum (27).
However, anaerobic incubation is not necessary when using Granada broth. Although
Granada-type media incorporate selective agents (crystal violet, colistin, and metroni-
dazole), they are not completely selective for GBS. Other microorganisms, mainly
enterococci and yeast, can also grow on the medium and appear as white colonies (27).
The identification of GBS strains by detection of hemolysis and pigment production is
not 100% sensitive, however, because 2 to 5% of human-colonizing GBS isolates are
nonhemolytic and do not produce pigment (4, 12, 28, 29). For such GBS strains, which
appear white on Granada-type media, identification has to rely on other tests. Because
�-hemolysin represents an important GBS virulence factor, strains lacking pigment and
hemolysin production may not have full pathogenic potential (13, 25, 30). Since
nonhemolytic and nonpigmented GBS strains are more frequently encountered among
animal strains, Granada-type media are unreliable for the detection of GBS in veterinary
clinical samples (6).

CHROMOGENIC MEDIA

In recent years, there has been rapid expansion in the availability of chromogenic
media for the detection of pathogenic bacteria and yeasts. These culture media contain
enzyme substrates linked to indoxyl chromogens, and the target microorganisms are
characterized by specific enzyme systems that metabolize the substrate, resulting in
release of the chromogen. Subsequently, the indigoid dye formed upon oxidation and
dimerization of indoxyl molecules in the presence of oxygen precipitates within the
colonies, leading to typical brightly contrasting colors (31). Research over the past few
decades has resulted in the release of several commercially available chromogenic
media for GBS detection, including media developed by bioMérieux (ChromID Strepto
B), Bio-Rad (StrepB Select), Oxoid (Brilliance GBS), and CHROMagar (CHROMagar
StrepB). The manufacturers of these media do not disclose the constituents, however,
and to the best of our knowledge there is no chromogenic substrate specific for GBS
detection. Therefore, these media have to rely on a mixture of chromogens, trying to
ensure that other bacteria develop colonies that do not resemble GBS (32–34). These
media should be incubated in a normal atmosphere, because anaerobic incubation
suppresses the development of colored colonies by hampering the oxidation of the
indoxyl compounds. Owing to the chromogenic substrates present, minimal exposure
to light during storage is mandatory, and incubation must be carried out in the dark for
optimal performance; otherwise, proper color development of isolates on chromogenic
agar is unreliable. These media also incorporate undisclosed selective agents in an
attempt to increase the selectivity for GBS. Chromogenic media provide a fast and easy
approach for GBS identification but are neither 100% specific nor 100% sensitive. The
lack of any GBS-specific chromogen limits their specificity, resulting in potential mis-
identifications. Bacterial species present in rectovaginal samples, such as Enterococcus
spp., Streptococcus bovis, S. porcinus, Streptococcus pseudoporcinus, Streptococcus sali-
varius, Streptococcus thoraltensis, Streptococcus anginosus, Streptococcus pyogenes, and
Staphylococcus spp., can develop GBS-like colonies (20, 29, 34–37). Therefore, to avoid
false-positive results, the use of GBS chromogenic media requires confirmation of sus-
pected GBS colonies by using additional tests (such as the CAMP test, the latex agglutina-
tion test, molecular techniques, or positivity on Granada media).

While chromogenic media do not rely on detection of the GBS pigment and thus are
able to detect nonhemolytic GBS strains, they may display other sensitivity problems.
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Especially in samples with heavy growth of commensal flora, it can be difficult to detect
a small number of GBS colonies (37). Although rare, false-negative results have been
reported for GBS strains that form colonies of atypical appearance (36). Of note,
confirmative identification of GBS-like colonies on chromogenic media using matrix-
assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS)
can sometimes be difficult due to the presence of substances interfering with mass
peak signals (37).

CAMP TEST

Almost all clinical GBS isolates (38) produce another cytolytic toxin, the CAMP
(Christie, Atkins, Munch-Petersen) factor. This factor is not hemolytic per se, although it
lyses sheep erythrocytes pretreated with staphylococcal �-lysin (sphingomyelinase).
This cytolysin is distinct from the GBS �-hemolysin and pigment. The CAMP test
involves streaking the strain to be tested perpendicular to a streak of a strain of
Staphylococcus aureus on sheep blood agar. A positive reaction appears as a charac-
teristic arrowhead zone of hemolysis adjacent to the place where the two lines come
into proximity (39). However, this test is not 100% specific. Many S. porcinus strains,
which are sometimes isolated from the genitourinary tracts of female patients (23), and
some group A streptococci (GAS) can also produce positive CAMP test reactions (40,
41). The fact that the CAMP factor is present in nonhemolytic nonpigmented GBS
strains can be used to generate beta-hemolysis in otherwise nonhemolytic strains, by
incorporating the staphylococcal �-lysin into blood agar plates. This principle, which is
used in GBS Detect (Hardy Diagnostics), facilitates the detection of nonhemolytic GBS
on blood agar. The cfb gene that encodes the CAMP factor is present in the vast
majority of GBS isolates and is exploited for the molecular identification of GBS (42).

PYR TEST

The pyrrolidonyl arylamidase (PYR) test is used for the detection of pyrrolidonyl
arylamidase and is available from many different suppliers. This test invariably yields
negative results for GBS and can be used to distinguish GBS from beta-hemolytic
enterococci, GAS presenting with atypical morphology, and S. porcinus, which are PYR
positive (22, 23, 41, 43).

HIPPURATE

Most GBS strains hydrolyze sodium hippurate, producing glycine. However, other
streptococci, particularly enterococci, also give positive reactions (39, 44). Although the
hippurate test is rapid, is easy to perform, and also is available from different suppliers,
its lack of specificity precludes its use to reliably identify GBS.

BIOCHEMICAL PROFILING

For many years, established phenotypic tests have remained cornerstones for the
identification of bacterial microorganisms in clinical microbiology. Various test systems
that integrate multiple conventional phenotypic tests into a single-step procedure have
been developed. After the interpretation of results, the biochemical reactions included
in the kit system generate a biotype number that is matched against the profile indexes
from a database to identify the bacterial species. Examples of biochemical profiling kits
for the identification of streptococci are the API Rapid Strep identification system
(bioMérieux) and the RapID STR system (Remel). However, the ability of these systems
to identify microorganisms depends on the accuracy of their databases of profile
indexes and the inclusion of all relevant microbial species. Although these systems can
be used to identify beta-hemolytic streptococci, they are not 100% specific. While the
accuracy to identify GBS is high, more reliable results may be achieved by using a
combination of simpler phenotypic methods, reserving the use of these kits for the
identification of other streptococcal species (39).

MALDI-TOF MS

MALDI-TOF MS is an emerging tool for microbial identification. It is based on the
analysis of protein profiles generated using nonfragmenting or “soft ionization” tech-
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niques, allowing the analysis of large macromolecules characteristic of each microor-
ganism. The accrued spectra, which are protein fingerprints (typically between 2 and 20
kDa), are compared with a database of known spectra. As with any automated system,
the accuracy of identification is dependent on the quality and comprehensiveness of
the database. The main advantages of this technology are speed and accuracy (21).
However, MALDI-TOF MS is restricted today mostly to the identification of pure colonies
grown on a solid medium, because generation of a satisfactory mass spectrum requires
that an adequate amount of sample be deposited onto a target for analysis. The need
to study pure cultures of microorganisms originates from the inability of current
software programs to analyze the spectra acquired from mixed cultures (45). Because
of that, MALDI-TOF MS is not yet able to identify microorganisms directly from most
clinical specimens, such as swabs and wound specimens. This precludes its use for the
direct identification of GBS in vaginal and rectal swabs. Today, MALDI-TOF MS has been
adopted as a rapid and robust method for accurate microbial identification in many
clinical microbiology laboratories, and it is beginning to supersede phenotypic identi-
fication techniques (46). In regard to beta-hemolytic streptococci, including GBS,
MALDI-TOF MS-based identification is fast (minutes) and 100% accurate (47). However,
while few laboratory consumables are required and operating costs are low, purchasing
a MALDI-TOF MS instrument requires a large initial investment.

IMMUNOLOGICAL METHODS

Serological determination of group-specific carbohydrate antigens of the cell wall
has remained an important routine identification technique for beta-hemolytic strep-
tococci since it was established by Rebecca Lancefield in the 1930s. Kits for grouping
streptococci are based on latex agglutination or coagglutination testing and are readily
available from different commercial suppliers. Streptococcal cells (after a rapid antigen
extraction process) are mixed with latex particles or nonviable staphylococci coated
with a group-specific hyperimmune antiserum. Positive reactions are visualized by
clumping of the latex particles or staphylococcal cells. Because of their simplicity,
rapidity, and specificity, agglutination tests are very practical methods and are widely
used for routine diagnostic purposes. S. pseudoporcinus cross-reacts with GBS grouping
antisera and may be misidentified as GBS (20, 21), although the incidence and impor-
tance of this recent finding are still under investigation.

DIRECT ANTIGEN DETECTION OF GBS

Several different antigen tests have been developed to detect GBS directly from
vaginorectal samples. However, none of the currently available tests has an acceptable
degree of sensitivity to detect GBS colonization in pregnant women, and the tests
cannot be recommended for this purpose (4). In bacterial meningitis, antigen detection
is not a substitute for a thorough bacterial examination of cerebrospinal fluid (CSF),
because antigen testing is hampered by low sensitivity and specificity. Thus, a negative
test result does not rule out infection caused by a specific meningeal pathogen.
Although these tests can help in the diagnosis of neonatal GBS meningitis when no
visible or viable microorganisms are present, the routine use of latex agglutination
testing for the etiological diagnosis of bacterial meningitis has been questioned (1, 48).

MOLECULAR METHODS FOR DETECTION OF GBS

The development of molecular methods for specific diagnostic purposes has changed
clinical microbiology considerably in recent years. In most cases, simple species diagnosis
of GBS does not require NAATs. If atypical GBS isolates are encountered, however, a correct
and reliable species designation can easily be achieved through sequencing of the
16S rRNA gene and determination of the sodA gene sequence. Much more potential
for the application of NAATs in GBS diagnostics lies within GBS screening. A first PCR
for GBS screening purposes was developed based on the CAMP factor gene (42).
Several specific PCR assays for the detection of GBS colonization, employing
different gene targets, have been developed and evaluated in recent years. Of those
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tests, six have received U.S. Food and Drug Administration (FDA) clearance. Most of
those NAATs are currently incorporated into automated molecular platforms such
as the BD MAX system (Becton, Dickinson), the SmartCycler and Xpert technology
(Cepheid), and the Illumigene system (Meridian Bioscience). Three of the tests are
conducted directly with clinical swabs, while the other assays require a culture enrich-
ment step prior to amplification. A current list of nucleic acid-based tests that have
been approved by the FDA can be accessed at http://www.fda.gov/medicaldevices/
productsandmedicalprocedures/invitrodiagnostics/ucm330711.htm. The main advan-
tage of PCR is the short time frame necessary to provide results regarding GBS
colonization status at the time of delivery. However, due to lower sensitivity, in
comparison with cultural enrichment, the latest CDC guidelines for GBS prevention (4)
recommend antenatal S. agalactiae screening by NAATs only after prior cultural en-
richment in selective broth. Moreover, it must be noted that even a PCR method with
a very short time frame to results may not provide results fast enough for sufficient
administration of peripartum antibiotics, since many women deliver within a few hours
after hospital admission. A further disadvantage is the lack of information on antibiotic
susceptibility, which is required for all women reporting an allergy to penicillin.
Therefore, the CDC currently does not recommend routine GBS screening by NAATs at
delivery (4).

CONCLUSIONS

Despite the introduction of MALDI-TOF MS and rapid molecular methods, such as
real-time PCR assays, that are now commercially available, the investment and expertise
required limit their use in most laboratories. Therefore, many clinical microbiology
laboratories rely on more traditional phenotypic methods for the identification of GBS.

The sensitivity of screening methods based on the culture identification of maternal
carriage of GBS depends on the timing of specimen collection, the source of the
specimen, and the culture technique used by the microbiology laboratory. The use of
Granada-type and chromogenic media is a good alternative for the identification of GBS
carrier status among near-term pregnant women. Moreover, culture methods for GBS
detection remain a compulsory step for women reporting an allergy to penicillin.

REFERENCES
1. Edwards MS, Nizet V, Baker CJ. 2016. Group B streptococcal infections, p

411– 456. In Wilson CB, Nizet V, Maldonado Y, Klein JO, Remington JS
(ed), Remington and Klein’s infectious diseases of the fetus and newborn
infant. Elsevier Saunders, Philadelphia, PA.

2. Fry RM. 1938. Fatal infections by hemolytic streptococcus group B.
Lancet i:199 –201.

3. Hood M, Janney A, Dameron G. 1961. Beta hemolytic streptococcus
group B associated with problems of the perinatal period. Am J Obstet
Gynecol 82:809 – 818. https://doi.org/10.1016/S0002-9378(16)36146-4.

4. Verani JR, McGee L, Schrag SJ. 2010. Prevention of perinatal group B
streptococcal disease–revised guidelines from CDC. MMWR Recomm
Rep 59(RR-10):1–36.

5. Edwards MS, Baker CJ. 2005. Group B streptococcal infections in elderly
adults. Clin Infect Dis 41:839 – 847. https://doi.org/10.1086/432804.

6. Rosa-Fraile M, Dramsi S, Spellerberg B. 2014. Group B streptococcal haemo-
lysin and pigment, a tale of twins. FEMS Microbiol Rev 38:932–946. https://
doi.org/10.1111/1574-6976.12071.

7. Boyer KM, Gotoff SP. 1986. Prevention of early-onset neonatal group B
streptococcal disease with selective intrapartum chemoprophylaxis. N Engl
J Med 314:1665–1669. https://doi.org/10.1056/NEJM198606263142603.

8. Rosa-Fraile M, Camacho-Muñoz E, Rodríguez-Granger J, Liebana-Martos
C. 2005. Specimen storage in transport medium and detection of group
B streptococci by culture. J Clin Microbiol 43:928 –930. https://doi.org/
10.1128/JCM.43.2.928-930.2005.

9. Trotman-Grant A, Raney T, Dien Bard J. 2012. Evaluation of optimal
storage temperature, time, and transport medium for detection of group
B streptococcus in StrepB carrot broth. J Clin Microbiol 50:2446 –2449.
https://doi.org/10.1128/JCM.00238-12.

10. Dunne WM, Jr, Holland-Staley CA. 1998. Comparison of NNA agar culture

and selective broth culture for detection of group B streptococcal coloni-
zation in women. J Clin Microbiol 36:2298–2300.

11. Park CJ, Vandel NM, Ruprai DK, Martin EA, Gates KM, Coker D. 2001.
Detection of group B streptococcal colonization in pregnant women
using direct latex agglutination testing of selective broth. J Clin Micro-
biol 39:408 – 409. https://doi.org/10.1128/JCM.39.1.408-409.2001.

12. Nickmans S, Verhoye E, Boel A, Van Vaerenbergh K, De Beenhouwer H.
2012. Possible solution to the problem of nonhemolytic group B strep-
tococcus on Granada medium. J Clin Microbiol 50:1132–1133. https://
doi.org/10.1128/JCM.05372-11.

13. Rodriguez-Granger J, Spellerberg B, Asam D, Rosa-Fraile M. 2015. Non-
haemolytic and non-pigmented group B streptococcus, an infrequent
cause of early onset neonatal sepsis. Pathog Dis 73:ftv089. https://doi
.org/10.1093/femspd/ftv089.

14. Six A, Firon A, Plainvert C, Caplain C, Bouaboud A, Touak G, Dmytruk N,
Longo M, Letourneur F, Fouet A, Trieu-Cuot P, Poyart C. 2016. Molecular
characterization of nonhemolytic and nonpigmented group B strepto-
cocci responsible for human invasive infections. J Clin Microbiol 54:
75– 82. https://doi.org/10.1128/JCM.02177-15.

15. Sigge A, Schmid M, Mauerer S, Spellerberg B. 2008. Heterogeneity of
hemolysin expression during neonatal Streptococcus agalactiae sepsis. J
Clin Microbiol 46:807– 809. https://doi.org/10.1128/JCM.01963-07.

16. Church DL, Baxter H, Lloyd T, Miller B, Elsayed S. 2008. Evaluation of
StrepB carrot broth versus Lim broth for detection of group B Strepto-
coccus colonization status of near-term pregnant women. J Clin Micro-
biol 46:2780 –2782. https://doi.org/10.1128/JCM.00557-08.

17. Guerrero C, Martínez J, Menasalvas A, Blázquez R, Rodríguez T, Segovia
M. 2004. Use of direct latex agglutination testing of selective broth in the
detection of group B streptococcal carriage in pregnant women. Eur J

Minireview Journal of Clinical Microbiology

September 2017 Volume 55 Issue 9 jcm.asm.org 2597

http://www.fda.gov/medicaldevices/productsandmedicalprocedures/invitrodiagnostics/ucm330711.htm
http://www.fda.gov/medicaldevices/productsandmedicalprocedures/invitrodiagnostics/ucm330711.htm
https://doi.org/10.1016/S0002-9378(16)36146-4
https://doi.org/10.1086/432804
https://doi.org/10.1111/1574-6976.12071
https://doi.org/10.1111/1574-6976.12071
https://doi.org/10.1056/NEJM198606263142603
https://doi.org/10.1128/JCM.43.2.928-930.2005
https://doi.org/10.1128/JCM.43.2.928-930.2005
https://doi.org/10.1128/JCM.00238-12
https://doi.org/10.1128/JCM.39.1.408-409.2001
https://doi.org/10.1128/JCM.05372-11
https://doi.org/10.1128/JCM.05372-11
https://doi.org/10.1093/femspd/ftv089
https://doi.org/10.1093/femspd/ftv089
https://doi.org/10.1128/JCM.02177-15
https://doi.org/10.1128/JCM.01963-07
https://doi.org/10.1128/JCM.00557-08
http://jcm.asm.org


Clin Microbiol Infect Dis 23:61– 62. https://doi.org/10.1007/s10096-003
-1052-x.

18. Jones DE, Kanarek KS, Angel JL, Lim DV. 1983. Elimination of multiple
reactions of the Phadebact Streptococcus coagglutination test. J Clin
Microbiol 18:526 –528.

19. Whiley RA, Hardie JM. 2009. Streptococcus, p 655–711. In De Vos P,
Garrity GM, Jones D, Krieg NR, Ludwig W, Rainey FA, Schleifer KH,
Whitman WB (ed), Bergey’s manual of systematic bacteriology, 2nd ed,
vol 3. Springer, New York, NY.

20. Stoner KA, Rabe LK, Austin MN, Meyn LA, Hillier SL. 2011. Incidence and
epidemiology of Streptococcus pseudoporcinus in the genital tract. J Clin
Microbiol 49:883– 886. https://doi.org/10.1128/JCM.01965-10.

21. Suwantarat N, Grundy M, Rubin M, Harris R, Miller JA, Romagnoli M,
Hanlon A, Tekle T, Ellis BC, Witter FR, Carroll KC. 2015. Recognition of
Streptococcus pseudoporcinus colonization in women as a consequence
of using matrix-assisted laser desorption ionization-time of flight mass
spectrometry for group B streptococcus identification. J Clin Microbiol
53:3926 –3930. https://doi.org/10.1128/JCM.02363-15.

22. Duarte RS, Barros RR, Facklam RR, Teixeira LM. 2005. Phenotypic and
genotypic characteristics of Streptococcus porcinus isolated from human
sources. J Clin Microbiol 43:4592– 4601. https://doi.org/10.1128/JCM.43
.9.4592-4601.2005.

23. Facklam R, Elliot J, Pigott N, Franklin AR. 1995. Identification of Strepto-
coccus porcinus from human sources. J Clin Microbiol 33:385–388.

24. Spellerberg B, Martin S, Brandt C, Lutticken R. 2000. The cyl genes of
Streptococcus agalactiae are involved in the production of pigment.
FEMS Microbiol Lett 188:125–128. https://doi.org/10.1111/j.1574-6968
.2000.tb09182.x.

25. Whidbey C, Harrell MI, Burnside K, Ngo L, Becraft AK, Iyer LM, Aravind L,
Hitti J, Waldorf KM, Rajagopal L. 2013. A hemolytic pigment of group B
streptococcus allows bacterial penetration of human placenta. J Exp
Med 210:1265–1281. https://doi.org/10.1084/jem.20122753.

26. Fallon RJ. 1974. The rapid recognition of Lancefield group B haemolytic
streptococci. J Clin Pathol 27:902–905. https://doi.org/10.1136/jcp.27.11
.902.

27. Rosa-Fraile M, Rodriguez-Granger J, Cueto-Lopez M, Sampedro A, Biel
Gaye E, Haro M, Andreu A. 1999. Use of Granada medium to detect
group B streptococcal colonization in pregnant women. J Clin Microbiol
37:2674 –2677.

28. Brimil N, Barthell E, Heindrichs U, Kuhn M, Lutticken R, Spellerberg B.
2006. Epidemiology of Streptococcus agalactiae colonization in Germany.
Int J Med Microbiol 296:39 – 44. https://doi.org/10.1016/j.ijmm.2005.11
.001.

29. Tazi A, Doloy A, Réglier-Poupet H, Hemet ME, Raymond J, Poyart C. 2009.
Evaluation of the new chromogenic medium StrepB Select for screening
of group B streptococcus in pregnant women. Pathol Biol (Paris) 57:
225–228. https://doi.org/10.1016/j.patbio.2008.09.002. (In French.)

30. Whidbey CM. 2015. Characterization of the group B Streptococcus
hemolysin and its role in intrauterine infection. PhD dissertation.
University of Washington, Seattle, WA. https://digital.lib.washington.edu/
researchworks/bitstream/handle/1773/33228/Whidbey_washington
_0250E_14193.pdf.

31. Orenga S, James AL, Manafi M, Perry JD, Pincus DH. 2009. Enzymatic
substrates in microbiology. J Microbiol Methods 79:139 –155. https://doi
.org/10.1016/j.mimet.2009.08.001.

32. Barbaux L, Robichon D. November 2007. Method for detecting Strepto-
coccus agalactiae using esterase activity. US patent 20070254326 A1.

33. Robichon D. September 2009. Method for detecting Streptococcus aga-
lactiae using �-glucosidase activity. US patent 7588909 B2.

34. Morita T, Feng D, Kamio Y, Kanno I, Somaya T, Imai K, Inoue M, Fujiwara
M, Miyauchi A. 2014. Evaluation of ChromID Strepto B as a screening
media for Streptococcus agalactiae. BMC Infect Dis 14:46. https://doi.org/
10.1186/1471-2334-14-46.

35. El Aila NA, Tency I, Claeys G, Saerens B, Cools P, Verstraelen H, Temmer-
man M, Verhelst R, Vaneechoutte M. 2010. Comparison of different
sampling techniques and of different culture methods for detection of
group B streptococcus carriage in pregnant women. BMC Infect Dis
10:285. https://doi.org/10.1186/1471-2334-10-285.

36. Louie L, Kotowich L, Meaney H, Vearncombe M, Simor AE. 2010. Evalu-
ation of a new chromogenic medium (StrepB select) for detection of
group B streptococcus from vaginal-rectal specimens. J Clin Microbiol
48:4602– 4603. https://doi.org/10.1128/JCM.01168-10.

37. Joubrel C, Gendron N, Dmytruk N, Touak G, Verlaguet M, Poyart C,
Réglier-Poupet H. 2014. Comparative evaluation of 5 different selective
media for group B streptococcus screening in pregnant women. Diagn
Microbiol Infect Dis 80:282–284. https://doi.org/10.1016/j.diagmicrobio
.2014.08.005.

38. Phillips EA, Tapsall JW, Smith DD. 1980. Rapid tube CAMP test for
identification of Streptococcus agalactiae (Lancefield group B). J Clin
Microbiol 12:135–137.

39. Winn W, Allen S, Janda W, Koneman E, Procop G, Schreckenbeger P,
Woods G. 2006. Koneman’s color atlas and textbook of diagnostic
microbiology, 6th ed. Lippincott Williams and Wilkins, Philadelphia, PA.

40. Tapsall JW, Phillips EA. 1984. Streptococcus pyogenes streptolysin 0 as a
cause of false-positive CAMP reactions. J Clin Microbiol 19:534 –537.

41. Facklam R. 2002. What happened to the streptococci: overview of taxo-
nomic and nomenclature changes. Clin Microbiol Rev 15:613–630. https://
doi.org/10.1128/CMR.15.4.613-630.2002.

42. Ke D, Menard C, Picard FJ, Boissinot M, Ouellette M, Roy PH, Bergeron
MG. 2000. Development of conventional and real-time PCR assays for
the rapid detection of group B streptococci. Clin Chem 46:324 –331.

43. Facklam RR, Thacker LG, Fox B, Eriquez L. 1982. Presumptive identifica-
tion of streptococci with a new test system. J Clin Microbiol 15:987–990.

44. Waitkins SA. 1980. Evaluation of rapid methods of identifying group B
streptococci. J Clin Pathol 33:302–305. https://doi.org/10.1136/jcp.33.3
.302.

45. Buchan BW, Ledeboer NA. 2014. Emerging technologies for the clinical
microbiology laboratory. Clin Microbiol Rev 27:783– 822. https://doi.org/
10.1128/CMR.00003-14.

46. Clark AE, Kaleta EJ, Arora A, Wolkd DM. 2013. Matrix-assisted laser
desorption ionization–time of flight mass spectrometry: a fundamental
shift in the routine practice of clinical microbiology. Clin Microbiol Rev
26:547– 603. https://doi.org/10.1128/CMR.00072-12.

47. Lartigue MF, Héry-Arnaud G, Haguenoer E, Domelier AS, Schmit PO, van
der Mee-Marquet N, Lanotte P, Mereghetti L, Kostrzewa M, Quentin R.
2009. Identification of Streptococcus agalactiae isolates from various
phylogenetic lineages by matrix-assisted laser desorption ionization-
time of flight mass spectrometry. J Clin Microbiol 47:2284 –2287. https://
doi.org/10.1128/JCM.00175-09.

48. Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM,
Whitley RJ. 2004. Practice guidelines for the management of bacterial
meningitis. Clin Infect Dis 39:1267–1284. https://doi.org/10.1086/425368.

Minireview Journal of Clinical Microbiology

September 2017 Volume 55 Issue 9 jcm.asm.org 2598

https://doi.org/10.1007/s10096-003-1052-x
https://doi.org/10.1007/s10096-003-1052-x
https://doi.org/10.1128/JCM.01965-10
https://doi.org/10.1128/JCM.02363-15
https://doi.org/10.1128/JCM.43.9.4592-4601.2005
https://doi.org/10.1128/JCM.43.9.4592-4601.2005
https://doi.org/10.1111/j.1574-6968.2000.tb09182.x
https://doi.org/10.1111/j.1574-6968.2000.tb09182.x
https://doi.org/10.1084/jem.20122753
https://doi.org/10.1136/jcp.27.11.902
https://doi.org/10.1136/jcp.27.11.902
https://doi.org/10.1016/j.ijmm.2005.11.001
https://doi.org/10.1016/j.ijmm.2005.11.001
https://doi.org/10.1016/j.patbio.2008.09.002
https://digital.lib.washington.edu/researchworks/bitstream/handle/1773/33228/Whidbey_washington_0250E_14193.pdf
https://digital.lib.washington.edu/researchworks/bitstream/handle/1773/33228/Whidbey_washington_0250E_14193.pdf
https://digital.lib.washington.edu/researchworks/bitstream/handle/1773/33228/Whidbey_washington_0250E_14193.pdf
https://doi.org/10.1016/j.mimet.2009.08.001
https://doi.org/10.1016/j.mimet.2009.08.001
https://doi.org/10.1186/1471-2334-14-46
https://doi.org/10.1186/1471-2334-14-46
https://doi.org/10.1186/1471-2334-10-285
https://doi.org/10.1128/JCM.01168-10
https://doi.org/10.1016/j.diagmicrobio.2014.08.005
https://doi.org/10.1016/j.diagmicrobio.2014.08.005
https://doi.org/10.1128/CMR.15.4.613-630.2002
https://doi.org/10.1128/CMR.15.4.613-630.2002
https://doi.org/10.1136/jcp.33.3.302
https://doi.org/10.1136/jcp.33.3.302
https://doi.org/10.1128/CMR.00003-14
https://doi.org/10.1128/CMR.00003-14
https://doi.org/10.1128/CMR.00072-12
https://doi.org/10.1128/JCM.00175-09
https://doi.org/10.1128/JCM.00175-09
https://doi.org/10.1086/425368
http://jcm.asm.org

	ANTENATAL DETECTION OF STREPTOCOCCUS AGALACTIAE
	PHENOTYPIC METHODS FOR IDENTIFICATION OF GBS
	CHROMOGENIC MEDIA
	CAMP TEST
	PYR TEST
	HIPPURATE
	BIOCHEMICAL PROFILING
	MALDI-TOF MS
	IMMUNOLOGICAL METHODS
	DIRECT ANTIGEN DETECTION OF GBS
	MOLECULAR METHODS FOR DETECTION OF GBS
	CONCLUSIONS
	REFERENCES

